Abstract: Exhaust pollutants from two-stroke petrol engines are a problem for the environment. Biolubricants are a new generation of renewable and eco-friendly vegetable-based lubricants, which have attracted a lot of attention in recent years. In this paper, the applicability of the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) method to support the process of building the scoring system for selecting an appropriate two-stroke lubricant has been analyzed. For this purpose, biolubricants (TMP-triesters) based on castor oil, palm oil, and waste cooking oil were produced and then utilized in a 200 cc two-stroke gasoline engine to investigate their effects on its performance and exhaust emissions. The results obtained from the use of the entropy technique in the TOPSIS algorithm showed that palm oil-based lubricant took up the greatest distance from the Negative Ideal Solution (NIS) and was selected as the most optimal lubricant for these types of engines.
Introduction
In the present century, internal combustion engines constitute a major portion of the crude oil resource consumption, and have become one of the largest consumers of energy. Therefore, it is necessary to pay attention to the methods of reducing the fuel consumption of these engines. Since about one third of the energy loss of internal combustion engines belongs to frictional losses, it is possible to easily perceive that the proper lubrication of different parts of the engine with the aim of friction decrease in its moving parts has a great impact on reducing energy losses and fuel consumption. Generally, engine oil is one of the vital fluids in engines and by lubricating different parts, it plays the role of blood in the body's circulatory system. On the other hand, unfortunately this important liquid also has a petroleum-based origin like the fuels used in the engine and depends upon the perishable and expensive oil resources meaning one cannot rely on them for long. In addition, millions of tons of lubricants are used and the resultant oils are spread in the natural environment and cause environmental pollution every year [1] . This is one issue, while the other independent issue is the environmental pollution that appears as a result of the mixed burning of the lubricants and engine fuels. Therefore, the production of lubricants through renewable and environmentally friendly resources such as vegetable oils has received unprecedented attention today. Vegetable oil-based lubricants, which are called biolubricants, do not pollute the environment due to their desired biodegradation in addition to their renewable nature because of their dependence on plant sources. Biolubricants, which are derived from the chemical modification of vegetable oils, are free of the disadvantages to vegetable oils such as high pour point and low oxidation stability, and they show great potential to replace petroleum-based lubricants [2] . Figure 1 shows the life cycle of biolubricants.
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Materials and Methods

Test Setup
The biolubricants used in this study were produced out of castor oil (CO), palm oil (PO), and waste edible oil (WCO) via the transesterification method along with trimethylolpropane in renewable energy laboratories of Tarbiat Modares University (TMU). The process of biolubricant laboratory synthesis is shown in Figure 4 . The produced biolubricants are depicted in Figure 5 . The technical specifications of each produced biolubricant and the two-stroke engine oil that was used in this study as the control sample are shown in Table 1 . 
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TOPSIS Method
One of the problems in evaluating the results of this research work was the difficulty in selecting the best alternative choice amongst the options due to the strength of some biolubricants in some parameters and their weakness in the other parameters. Therefore, the TOPSIS multi-criteria decision-making algorithm was used for choosing the best alternative from the available biolubricants. Decision making is the study of identifying and selecting alternatives based on the values and preferences of the decision maker. A decision making matrix is applied as one of the powerful tools for the decision making process, and is designed based on a rectangular array of elements, arranged in rows and columns [8] . The range of engine speeds was selected between 5000 and 7500 rpm, which were the maximum and minimum available engine speeds for stable working.
One of the problems in evaluating the results of this research work was the difficulty in selecting the best alternative choice amongst the options due to the strength of some biolubricants in some parameters and their weakness in the other parameters.
Therefore, the TOPSIS multi-criteria decision-making algorithm was used for choosing the best alternative from the available biolubricants. Decision making is the study of identifying and selecting alternatives based on the values and preferences of the decision maker. A decision making matrix is applied as one of the powerful tools for the decision making process, and is designed based on a rectangular array of elements, arranged in rows and columns [8] .
TOPSIS (Technique for Order Preferences by Similarity to Ideal Solution) is one of the methods used for solving multiple criteria decisions or problems. The main idea of TOPSIS is to evaluate the alternatives by simultaneously measuring their distances to the Positive Ideal Solution (PIS) and to the Negative Ideal Solution (NIS). PIS is an alternative that is most preferred by the decision maker (DM), i.e., maximizes the benefit criteria and minimizes the cost criteria, whereas NIS is the least preferred solution, i.e., it maximizes the cost criteria and minimizes the benefits. The preference order is then built according to the relative closeness of the alternatives to PIS, which is a scalar criterion that combines these two distance measures. The traditional TOPSIS method assumes that the evaluation criteria, criteria weights, alternatives, and their resolution levels are precisely defined, namely that the problem is defined in the form of a decision matrix filled with crisp data. In other words, it requires the decision or problem to be well structured. The TOPSIS algorithm steps can be classified as follows [9] [10] [11] :
First step:
Change of the decision-making matrix into a dimensionless matrix by the following formula:
Second step:
Creation of a weighted dimensionless matrix with W vector assumed as an input to the algorithm. This means:
W= {W 1 ,W 2 ,...,W n } « (assumed from DM)
N D is a matrix wherein the rates of the indices are dimensionless and comparable, and W nˆn is a diagonal matrix wherein only the elements of its original diameter will be non-zero.
Third step:
The positive ideal solution and the negative ideal solution are defined as follows:
Fourth step: In this step the values of distances from PIS and NIS is calculated. The distance of the alternative from ideal solutions using the Euclidean method is as follows:
Fifth step: Calculating the relative closeness to the ideal solution which is defined as follows:
It is observed that if A i = PIS, then d i`= 0 and cl i+ = 1, but if A i = NIS, then d i´= 0 and cl i+ = 0. Therefore, as the size of A i is closer to the PIS, the value of cl i+ will be closer to 1.
Sixth step:
The available alternatives can be ranked based on the downside order of cl i+ .
Entropy Technique
In multi criteria decision-making problems, especially multi-index decision-making problems, the availability and knowledge of the relative weights of the existing indices is an effective step in the process of problem solving. Amongst the methods of determining the weights of indicators, one can refer to the use of experts' opinions, least squares, the eigenvector technique, Shannon entropy, etc. [8, 12] .
Entropy in information theory is expressed as a measure of the uncertainty by a discrete probability distribution (Pi), which is described as follows: (First, a value shown by the symbol E is calculated) (Equations (8) and (9)):
where k is a positive constant and 1 > E > 0 will be possible from the probability distribution of P i , based on the statistical calculated mechanism, and its value will be at the maximum in case of the equality of P i s. A decision-making matrix contains information that entropy can use as a criterion for evaluation. Table 4 shows the decision-making matrix. In the matrix 4, A i s are the choices, which should be ranked. Also the alternatives are evaluated based on indices of X j .
In this matrix, r ij is the value of each index proportional to each of the alternatives. The information content of this matrix is initially as P ij and the following formula holds true for E j from P ij :
Results and Discussion
In the engine test procedure, the engine was set at the wide open throttle state (WOT) and the engine speed was varied from 5000 to 7500 rpm. As the engine starts to work and accede the stable status, each of lubricant tests commenced respectively by changing the peripheral fuel/lubricant mixture tank. Figures 7 and 8 show the average amounts of test variables related to both engine performance and exhaust emissions in different engine speeds. As it can be seen from the above illustrations, there are both positive and negative points for each of lubricants which make it perplexing to judge between them and choose the ideal one. According to the above-mentioned points, firstly the decision-making matrix (Table 5 ) was formed to select a suitable lubricant (step 1) and then a dimensionless matrix is formed using the Equation (1) in second step (Table 6 ). Tables 7 and 8 are related to the weighted dimensionless decision matrix, and PIS and NIS values for each dependent variable of the engine test respectively were obtained by accomplishing second and third steps.
Finally, the relative closeness of Ais to the ideal solutions (Table 9 ) was determined after the determination of the positive and negative ideal solutions and the Euclidean distance of the ith alternative from the ideals. As it can be seen from the above illustrations, there are both positive and negative points for each of lubricants which make it perplexing to judge between them and choose the ideal one. According to the above-mentioned points, firstly the decision-making matrix (Table 5 ) was formed to select a suitable lubricant (step 1) and then a dimensionless matrix is formed using the Equation (1) in second step (Table 6 ). Tables 7 and 8 are related to the weighted dimensionless decision matrix, and PIS and NIS values for each dependent variable of the engine test respectively were obtained by accomplishing second and third steps. Finally, the relative closeness of A i s to the ideal solutions (Table 9 ) was determined after the determination of the positive and negative ideal solutions and the Euclidean distance of the i th alternative from the ideals. The obtained A i s for each of the lubricants used in this study were arranged in descending order. According to the explanation given by the TOPSIS algorithm, the lubricant with the higher numerical value of A i will have more desirability. It was observed that the palm biolubricant took up a higher value of A i after the rating of each of the lubricant alternatives and, consequently, it enjoys higher desirability.
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Conclusions
The following conclusions can be drawn from the present research work:
1
The results obtained from the use of the TOPSIS algorithm showed that palm oil-based lubricant is the most favorable biolubricant compared to the other lubricants used in the test. Each of the physical and chemical characteristics of the biolubricants used in the test, such as lubricity power, flash point, the percentage of different fatty acids in the structure of vegetable oils, pour point, oxidation stability, thermal stability of oil, and other parameters are involved in the combustion process of the lubricant with gasoline and is effectivenessin terms of its importance. It is noteworthy that addressing the role of each of the characteristics of the oils needs precise experiments, complex devices, and separate research that form the subject of tribology. 2
Due to the fact that the biolubricants were used in this study without any additives for improving the physical and chemical properties of engine oil and they showed even better performance than the mineral two-stroke lubricants (2T oils) in some cases.
